The increasing need for high data rate (HDR) links in military and commercial communication systems, coupled with the limitations on available spectrum, is resulting in renewed interest in high spectral efficiency modulations. For the designer of power amplifiers to be utilized in these new systems, the use of multilevel modulations places stringent requirements on power amplifier linearity and efficiency. Whether one is concerned with the battery life of a cell phone with a solid state MMIC amplifier or the power budget in a satellite communication system employing a travelingwave tube amplifier (TWTA), the system objective is the same, namely, maximizing link margin while minimizing prime power requirements. From the device perspective, this translates to an objective of minimizing distortion while maximizing device efficiency. The design of TWTs to optimally achieve this objective is the subject of this work. We will demonstrate a procedure for the optimal design of a TWT using the power margin on a communications link as the figure of merit. It is shown that the optimization procedure can be used not only for setting the operating point of the TWT but also for optimization of the physical design of the TWT itself. The use of TWTs designed by such a procedure can in principle yield a substantial improvement in the system link margin over systems employing TWTs designed according to more traditional analog distortion specifications.
Power margin is defined as the ratio between the available power and the power needed to sustain a particular symbol-error-rate (SER) with a known noise level in a communication link. Power Margin analysis is often used to optimize power amplifier operating point. In Fig  2, we plot the power margin for a Hughes 8573H TWTA at 1.65 GHz for 16-QAM signals.
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The drive curves for the TWTA are shown in Fig 1. The power margin is normalized to the power margin for a linear amplifier with peak output power equal to saturation power of the TWTA. The curve indicates that the TWTA's optimal operation requires a 2 dl3 output backoff from saturation; this corresponds to an input back-off of approximately 6 dB.
The helix TWT design code, CHRISTINE, has the capability of optimizing circuit parameters to achieve desired performance characteristics depending on the specified goal functions. The circuit parameters that can be varied are those describing the circuit (pitch profile, helix radius, vane radius, etc.). We compare the power margin performance for 4 circuit designs for a C-band helix TWT at 5
GHz optimized with 4 different goal functions.
The goal functions are AM/PM minimization, complex gain linearization, efficiency maximization and a digital goal function that is constructed to be a loose approximation of power margin. In each of the optimized designs, helix profiles are varied while all other circuit parameters are held fixed to achieve the desired optimization. The electron beam current and voltage therefore the beam power are also fixed. The characteristics for each of the circuits are shown in Fig 3. The drive curves are shown in Fig. 3(a) and (b) , the helix pitch profile in (c) and the power margin in (d). The fact that circuit optimized with the digital goal function has the highest power margin and achieves 1 dl3 improvement in power margin compared to the un-optimized, constant pitch case demonstrates the utility of optimization of the TWT circuit according to system level information like modulation format, communication standards and power margin, etc. This work is supported by the Office of Naval Research. 
